Abstract: An advanced and reliable high performance liquid chromatography (HPLC)/ultraviolet detector (UV)/ion-trap timeof-flight (IT-TOF) mass spectrometry was developed for the simultaneous quantification of 19 marker compounds in Bangpoong-tong-sung-san (BPTS), a traditional oriental prescription. Various parameters affecting HPLC separation and IT-TOF detection were investigated, and optimized conditions were identified. The separation was achieved on a Capcell PAK C18 column (1.5 mm × 250 mm, 5 µm particle size) using a gradient elution of acetonitrile and water containing 0.1% formic acid at a flow rate of 0.1 mL/min. The column temperature was maintained at 40 o C and the injection volume was 2 µL. IT-TOF system was equipped with an electrospray ion source (ESI) operating in positive or negative ion mode. The optimized electrospray ionization parameters were as follows: ion spray voltage, +4.5 kV (positive ion mode), or -3.5 kV (negative ion mode); drying gas (N 2 ), 1.5 L/min; heat block temperature, 200 o C. Automatic MS n (n = 1~3) analyses were carried out to obtain structural information of analytes. Elemental compositions and their mass errors were calculated based on their accurate masses obtained from a formula predictor software. The marker compounds in BPTS were identified by comparisons between MS n spectra from standards and those from extracts. Moreover, the libraries of MS 2 and MS 3 spectra and accurate masses of parent and fragment ions for marker compounds were constructed. The developed method was successfully applied to the BPTS extracts and identified 17 out of 19 marker compounds in the BPTS extracts.
Introduction
Bang-poong-tong-sung-san (BPTS) is a traditional oriental prescription, which is described in Sun-myungnon-bang, a classical literature of the oriental medicine. BPTS was widely known to be effective in stroke, hypertension, arteriosclerosis, constipation and cutaneous disease. It was also reported that BPTS has effects on obesity and hyperlipidemia. The prescription of BPTS is composed of 18 medicinal herbs as follows; Cnidii Rhizoma, Ledebouriellae Radix, Angelicae gigantis Radix, Paeonia Radix Alba, Menthae Herba, Forsythiae fructus, Ephedrae herba, Natrii sulfas, Rhei Radix et Rhizoma, Gypsum Fibrosum, Platycodi Radix, Scutellariae Radix, Atractylodis Macrocephalae Rhizoma, Nepetae Herba, Talcum, Gardeniae Fructus, Glycyrrhizae Radix and Zingiberis Rhizoma Crudus.
1,2
The marker compounds of BPTS were 24 components proposed by Korea Institute of Oriental Medicine (Daejeon, Korea). The therapeutic effects of BPTS were influenced by many complex components of the prescription. In order to investigate the effect of BPTS, the nature of the various components in the prescription is very important. The chemical profile and pharmaceutical efficacy of BPTS may be significantly affected by geographical sources, harvesting, processing and storage of medicinal herbs. Therefore, the quality control method for the marker compounds of BPTS is needed to assure its efficacy and quality.
In the past few years, hyphenated mass spectrometry techniques have developed for the identification of the bioactive compounds in traditional Chinese medicine prescription. It was mainly used liquid chromatographytandem mass spectrometry (LC-MS/MS), 4-6 LC-ion trap MS, 7, 8 LC-time-of-flight (TOF) MS 9,10 and quadrupole-TOF (Q-TOF) MS. 11, 12 These mass spectrometry techniques are useful due to identify components selectively in complicated herbal matrix. IT-TOF MS used in this study has merits which can simultaneously measure accurate masses of analytes and perform MS n analysis. Thus identification of compounds could be accurate. The analytical research of BPTS components was not previously carried out.
In this study, we conducted development of qualitative detection method and chemical profiling of 19 marker compounds of BPTS using LC/UV-IT-TOF MS system. The hybrid ion-trap time-of-flight (IT-TOF) mass spectrometry is a powerful tool for screening and identification. The MS n (n = 1~10) ability of the ion-trap mass spectrometry gives more structural information than triple quadrupole mass spectrometry, and the time-of-flight (TOF) mass spectrometry can obtain accurate mass. Thus, IT-TOF gives more accurate structural information about precursor and product ions by adopting MS n analysis and accurate mass measurement.
To the best of our knowledge, this is the first study on the integrated chemical identification of the BPTS preparation and could help quality control and understand of relationship of efficacy and chemical profile.
Experimental

Chemicals and Reagents
The BPTS extract powder and the marker compound standards (ephedrine, albiflorin, paeoniflorin, paeonol, nodakenin, decursin, decursinol angelate, liquiritin, isoliquiritin, isoliquiritigenin, liquiritigenin, glycyrrhizin, 6-gingerol, sennoside A, menthol, menthone, geniposide, baicalin, baicalein, wogonin and wogonoside) were provided from Korea Institute of Oriental Medicine (Daejeon, Korea). Glacial acetic acid (99.7%), formic acid (98%) and ammonium formate were purchased from Sigma Aldrich (St. Louis, MO, USA). High-performance liquid chromatography (HPLC)-grade water was obtained from Fisher Scientific (Fair Lawn, NJ, USA). HPLC-grade methanol and acetonitrile were from J. T. Baker (Phillipsburg, NJ, USA). All other chemicals used were analytical grade.
Standard and sample preparation
All standard reference powder of marker compounds were dissolved in dimethylsulfoxide (DMSO) at appropriate concentration and mixed all. Then, diluted with 50% methanol. A standard mixture solution was prepared for 50 µg/mL of each compounds except for 500 µg/mL of paeonol.
Extraction was performed by adding 10 mL of methanol to 0.1 g of the provided BPTS extract powder, vortexing for 10 min and sonicating for 30 min. The extracted solution was centrifuged at 4,000 rpm for 10 min. The supernatant was filitered by a 0.45 µm nylon filter, and the filtrate was injected to LC/UV-IT-TOF MS.
Instrumentations and separation conditions
The marker compounds of BPTS were analyzed by Shimadzu Prominence LC-20 series HPLC system with IT-TOF MS spectrometer equipped with an electrospray ionization source (Shimadzu, Kyoto, Japan). The chromatographic separation was performed by Capcell Pak C18 column (1.5 mm × 250 mm, 5 µm, Shiseido, Tokyo, Japan). The temperature of the column and autosampler was kept at 40 o C and 10 o C, respectively. All marker compounds showed optimized sensitivity and resolution at 0.1% formic acid for aqueous part of mobile phase when compared with 0.1% formic acid, 0.1% acetic acid and 5 mM ammonium formate. Gradient elution of the mobile phase was composed of a 0.1% formic acid aqueous solution (solvent A) and acetonitrile (solvent B). The flow rate was 0.1 mL/min with the following gradient program: 0% (B) for 0-10 min, linear gradient to 50% (B) for 10-150 min, 50-100% (B) for 150-150.01 min, holding at 100% (B) for 150.01-160 min, and then returning to 0% (B) for column equilibration. The total run time was 175 min. The sample injection volumn was 2 µL. The wavelength of UV detector were 230 and 254 nm. The mass spectrometry was calibrated daily by use of sodium trifluoroacetate solution. The HPLC and mass spectrometry were controlled by LabSolution (Ver. 3.1.360) software (Shimadzu, Kyoto, Japan).
MS
n analysis The MS detection was conducted in positive and negative ion mode for all compounds in scan range of m/z 100-1000. All marker compounds were used MS data in positive ion mode except for sennoside A. Capillary voltages were +4.5 kV (positive ion mode), and -3.5 kV (negative ion mode) and heat block temperature was 200 o C. Nebulizing gas (N 2 ) flow was 1.5 L/min and MS n analysis was automatic MS n (n = 1-3) by order of intensity. The precursor ion was selected over the range of m/z 100 to 1000 and the MS n spectra were obtained at the relative collision energy of 150%. Three precursor ions were selected automatically by order of their intensity (over 100,000 cps). Ion accumulation time in the ion trap was set to 10 ms for both MS and MS n (n = 2~3) mode. Data acquisition, processing and prediction of chemical formula were performed by LCMS solution (Ver. 3.60) software package (Shimadzu, Kyoto, Japan). The MS 2 and MS
Results and discussion
We developed LC/UV-IT-TOF mass spectrometry method for the qualitative analysis of BPTS extract and marker components identification was carried out by comparing with accurate mass of the molecular ion, and the fragment ion and retention time of the standard reference. This high accuracy mass spectrometry was enable to distingush of tiny mass difference of the compounds and to identify easily. The 19 standard compounds out of 21 marker compounds in BPTS favorably detected as follows; ephedrine, albiflorin, paeoniflorin, nodakenin, decursin, decursinol angelate, liquiritin, isoliquiritin, isoliquiritigenin, liquiritigenin, glycyrrihizin, 6-gingerol, sennoside A, geniposide, baicalin, baicalein, wogonin and wogonoside. The menthol and menthone were not detected in mass spectrometry due to their high volatility. The molecular ion peaks of all marker compounds were found in positive ion mode. While that of sennoside A was not detected in positive mode due to in-source collision. Because we could find molecular ion [M-H] − of sennoside A in negatve ion mode, we used identification data of sennoside A in this detection mode. MS n analysis was produced up to MS . These results were similar with those reported in previous studies.
13,14
In the methanol extract of BPTS, 17 marker compounds were detected except for paeonol and sennoside A when applied with a optimized condition of the LC/UV-IT-TOF mass spectrometry. We confirmed that baicalin and wogonoside are present in high concentration in BPTS extract. They are marker compounds of Scutellariae Radix in BPTS. The most sensitive compound in total ion chromatogram of BPTS extract was baicalin. Baicalin which is a form of glucuronic acid added to baicalein was detected at m/z 447.0882 for the molecular ion in MS
1
. The fragment ion of baicalin was m/z 271.0563 same as baicalein by loss of glucuronic acid. In the MS 3 spectrum, the fragment ions of baicalin were generated to m/z 253.0455 and m/z 123.0054. The relation of wogonoside and wogonin was like as the relation of baicalin and baicalein. Wogonoside is glucuronidation form of wogonin. Decursin and decursinol angelate were isomer relation and only detected in positive ion mode. Because these compounds are impossible to distinguish in same retention time, they have to be separated. The retention time of two compounds were 146.0 and 147.1 min which were the lastest in marker compounds. They were observed molecular ion peak at m/z 329.1324 [M+H] + and same fragmentation pattern of m/z 229.0812, 211.0754 for decursin and m/z 229.0812, 211.0706 for decursinol angelate. This result coincide with the previous report.
15
The MS spectra and fragment pattern of the rest of marker compounds were represented in the supplementary data.
The chemical profile of BPTS marker compounds was shown in Table 1 . We expected the fragment pattern of marker compounds by reference to many of literatures. We confirm that the measured accurate ion masses and fragment patterns for standard and BPTS extract are almost identical. It means that expected marker compounds exist in BPTS. The elemental compositions of molecular and fragment ion were determined through comparing theoretical and measured mass of ions. When the standard mixture of marker compounds was analyzed six times to validate the repeatability for developed method, retention time and peak area were less than 1% and 5%, respectively.
Conclusion
A powerful and reliable analytical method using LC/UV-IT-TOF mass spectrometry for qualification of 19 marker compounds in BPTS has been successfully developed. The accurate mass measurement capability and full spectral sensitivity of IT-TOF mass spectrometry enabled to identify multiple compounds and build chemical profile. The elemental composition and fragment pattern of marker compounds in BPTS extract were identified by comparing with standard reference. The mass errors of moelcular and fragment ions were almost under 20 ppm. The developed method was expected to make for quality control of BPTS.
